OBJECTIVE -To examine the impact of Hurricane Katrina on the health of individuals with diabetes. RESULTS -Mean predisaster A1C levels differed between MCLNO and VA patients (mean 7.7 vs. 7.3%, P Ͻ 0.001) and increased significantly among MCLNO patients to 8.3% (P Ͻ 0.001) but not among VA and TUHC patients. Mean systolic blood pressure increased in all three systems (130 -137.6 mmHg for TUHC and 130.7-143.7 for VA, P Ͻ 0.001; 132-136 for MCLNO, P ϭ 0.008). Mean LDL cholesterol increased in the VA (97.1-104.3 mg/dl) and TUHC patients (103.4 -115.5; P Ͻ 0.001). Hurricane Katrina increased modeled direct, indirect, and total health care costs and also reduced life expectancy as well as quality-adjusted life expectancy, with the economic impact being quite substantial because of the large population size affected. We estimate a lifetime cost of USD $504 million for the adult population affected, with the largest economic impact seen among MCLNO patients.
H
urricane Katrina struck New Orleans in August 2005. Although the economic and environmental devastation caused by the hurricane is well known and the short-term impact on health care and health care delivery has been well described (1) , the impact on chronic disease has not been well documented. Our personal experience and anecdotal information suggest that individuals with diabetes were very seriously affected owing to the lack of medical care, appropriate food, and medications (2) . Diabetes is a chronic disease with many comorbidities, including hypertension and lipid abnormalities. Disruption of health care provisions and medications is likely to have both a short-term and long-term impact on this condition. We tested the following hypotheses: 1) Hurricane Katrina has had a significant impact on the health of individuals with diabetes; 2) this impact will have long-lasting health and economic implications; and 3) preexisting disparities between health systems will be worsened and lead to further disparity in health status.
RESEARCH DESIGN AND METHODS -This study was approved by the Tulane Human Research
Advisory Committee. The collection of data were considered to be exempt from needing informed consent.
Study population
Tulane University Health Sciences Center is a major provider of health care in the city of New Orleans and has established long-standing diabetes care centers within three health care systems with the patients grouped accordingly:
A. Private hospital and clinic (Tulane University Hospital and Clinic [TUHC] ). TUHC reopened clinics in January 2006. However, clinics, including a diabetes clinic, reopened within a few weeks at nearby undamaged Tulane University partner hospitals. Thus, private patients (usually with health insurance) had access to a diabetes center within a few weeks after the hurricane.
B. Southeast Louisiana Veterans Health Care System (VA), a system available almost exclusively to veterans. The VA hospital reopened outpatient primary care clinics in New Orleans 3 months and specialty clinics 5 months after the hurricane. In addition, veterans had access to VA services and medications in other parts of the state and country.
C. The Medical Center of Louisiana at New Orleans (MCLNO), "Louisiana Charity System." This state-funded system provides acute and chronic care for all patients irrespective of insurance status, with a significant proportion of uninsured patients: MCLNO specialty clinics were closed for Ͼ1 year after the hurricane. However, primary care was available at a variety of community clinics, with fragmented health care services. No diabetes-specific specialty clinic was available for these patients for ϳ1 year.
The characteristics of the patients studied are summarized in Table 1 . We believe that this information reflects reasonably accurately the characteristics of the patients with diabetes in each system. There are no major differences among the provider characteristics in the three systems, with many providers working in more than one system.
Adults with diabetes and an A1C measurement 6 months before Hurricane Katrina (28 February 2005-27 August 2005) and 6Ϫ16 months after Hurricane Katrina (1 March 2006 -31 December  2006) were identified from databases within these three health care systems. All patients seen at TUHC and MCLNO who had such measurements were included in the study population. Because there were considerably more such patients in the VA system, we randomly selected 750 patients for this study, among whom 748 had data available for all study-related parameters. After identification of these patients, their other laboratory parameters (lipids) were obtained and their charts were reviewed for blood pressure measurements that occurred within the study time period.
We compared the level of glycemic control (A1C), blood pressure, and lipids in patients for whom data were available in the 6-month period before the hurricane with levels after resumption of clinical activities (1 March 2006 -31 December 2006 . No specific intervention or recommendations were made. In patients who had multiple measurements of A1C, blood pressure, or lipids, the values at the last visit of the pre-Katrina period and the first visit of the post-Katrina period were included in final analysis.
Data sources
Laboratory data at all three institutions were computerized and were available for both time periods. TUHC used a computerized medical record for all laboratory data and some clinical data. Medical records for most patients previously seen at TUHC were intact. All laboratory and clinical data at the VA were electronically available. Laboratory records at MCLNO were computerized, but data on blood pressure were only available for a subset of patients, whose clinic records were salvaged.
Statistical analysis
Primary outcomes were A1C, systolic and diastolic blood pressures, and lipids. We were interested in the changes in these parameters before and after Hurricane Katrina and whether these changes were consistent across the three health care systems. Paired sample t tests were performed for pre-and post-Katrina mean values of A1C, blood pressure, and lipids within each system. One-way ANOVA with a post hoc Bonferroni correction was used to determine whether the abovementioned pre-and post-Katrina measurements differed among the three systems.
Linear regression models were also fitted for the changes in the three primary outcomes. Changes in A1C, blood pressure, and lipids were calculated by subtracting pre-Katrina values from postKatrina values. These changes were used as dependent variables. Covariates included in the models were health care system, patients' age in August 2005, sex, and "time gap." Time gap was defined as the number of months between the preand post-Katrina measurements. Because patients did not necessarily have parameters measured on the same day, the time gaps for different outcomes could be different for each patient. These analyses were performed in SAS (version 9.1.3 for Windows, 2005; SAS Institute, Cary, NC).
Modeling for possible long-term outcomes was performed using the CORE Diabetes Model (CDM), a documented, validated simulation model for type 2 diabetes that projects life expectancy, quality-adjusted life expectancy (QALE) and total lifetime costs of diabetes-related complications (3). The transition probabilities using the UK Prospective Diabetes Study (UKPDS) studies, U.S. costs of complications, and health state utilities were detailed in the previous publication (3). For instance, the underlying assumption for A1C changes based on the UKPDS cohort was a linear decay at a rate of 0.15%/year until the end of 7 years, with the decay leveling off for the rest of lifetime. The model is a multilayer Internet application using SQL and Cϩϩ programming languages and a user interface to enter customized settings of the results from the tests described above to specifically define an analysis and output the results. For this study, the simulations were run over a lifetime horizon in accordance with the current guidelines that recommend time horizons be sufficient to capture the development of all relevant complications (4, 5) . Specifically, this model estimates lifetime survival and costs for those who survived the hurricane and may have experienced disruption of treatment or deprivation of insulin and other medication over a period of time.
We ran the CDM for each of the three health care system populations. The mean changes in A1C, blood pressure, and lipids generated by the analyses of data before and 6 -16 months after Hurricane Katrina among the study populations were populated into the input databases of the CDM. In addition, the SDs around the mean changes were also included to account for the uncertainty around the effects on glycemic control. Demographic information such as age, race, and sex for the study sample was used, whereas weight and smoking status used for the model were the CDM default values (i.e., the U.S. prevalence of smoking status and body weight distribution). The CDM has 16 submodels that run in parallel for which 1,000 patients are run through the model 1,000 times to account both for patient level uncertainty and parameter level uncertainty for model inputs. The output via user interface provided a set of RESULTS -A total of 1,795 patients with A1C measurements in the 6 months before Hurricane Katrina and the 6 -16 months after the hurricane were included. Among them, 748 were VA patients, 595 were MCLNO patients, and 452 were TUHC patients. The mean age of all patients was 61.9 years and 61.2% were male. The MCLNO system consisted of Ͼ80% African American patients. The percentage of male patients (96.9%) was higher in the VA system compared with those in the TUHC and MCLNO systems (44.9 and 28.7%, respectively). The impact of the disaster on clinical and laboratory parameters is summarized in Table 2 . Mean A1C values increased Data are means Ϯ SD or n (%). *A1C changes Ͼϩ0.3, systolic blood pressure changes Ͼϩ3, diastolic blood pressure changes Ͼϩ3, LDL cholesterol changes Ͼϩ5, and HDL cholesterol changes Ͼϩ3, triglyceride changes Ͼϩ10. †A1C changes ϽϪ0.3, systolic blood pressure changes ϽϪ3, diastolic blood pressure changes ϽϪ3, LDL cholesterol changes ϽϪ5, and HDL cholesterol changes ϽϪ3, triglyceride changes Ͻ Ϫ10. ‡A1C changes within Ϯ0.3, systolic blood pressure changes within Ϯ3, diastolic blood pressure changes within Ϯ3, LDL cholesterol changes within Ϯ5, and HDL cholesterol changes within Ϯ3, triglyceride changes within Ϯ10.
significantly over the study period among the patients of the MCLNO system (P Ͻ 0.001); however, pre-Katrina A1C levels were similar to post-Katrina levels among patients of the VA and TUHC systems (P ϭ 0.214 and P ϭ 0.108, respectively). Mean pre-Katrina A1C levels significantly differed between MCLNO and VA patients (P Ͻ 0.001). Mean post-Katrina A1C values also significantly differed between the MCLNO and the other two systems (P Ͻ 0.001). Mean systolic blood pressures increased among all three systems (P Ͻ 0.001 for TUHC and VA; P ϭ 0.008 for MCLNO). Mean pre-Katrina systolic blood pressures did not differ significantly among the three systems, whereas mean post-Katrina systolic blood pressure was significantly higher in the VA patients compared with patients in the other two systems (P Ͻ 0.001). Mean LDL cholesterol levels increased in both the VA and TUHC patients (P Ͻ 0.001). However, mean HDL cholesterol levels increased in the TUHC patients but decreased in the MCLNO and VA patients (P Ͻ 0.001). Mean triglyceride levels increased significantly in VA patients only (P ϭ 0.027). Linear regression models for the trend in the changes of the parameters indicated significant differences among the three systems (P Ͻ 0.05) over the time gaps (P Ͻ 0.05) for all parameters. Neither age nor sex was significant (P Ͼ 0.05) in any of the models. Figures 1, 2 , and 3 illustrate the time relationship of A1C and blood pressure to the time after the disaster. Systolic and diastolic blood pressures increased early after the event and then gradually returned to baseline levels, whereas A1C levels increased throughout the observational period.
Hurricane Katrina increased direct, indirect, and total costs and reduced life expectancy as well as QALE (Table 3 ). The magnitude of the impact for each health care system was consistent with that of the clinical results. The largest economic impact was seen in MCLNO patients with $5,243 over their lifetime, followed by VA patients ($3,907), and privately insured TUHC patients ($2,270). Despite the fact that the impact on life expectancy seemed to be small (MCLNO patients Ϫ0.301 years, VA patients Ϫ0.264 years, and TUHC patients Ϫ0.078 years), the economic impact was quite substantial because of the large size of the population affected by Hurricane Katrina. Assuming that the adult prevalence of diabetes in the affected area was CONCLUSIONS -Our data clearly demonstrate that a major disaster had a significant adverse effect on diabetes management that may have a lasting impact on individuals so affected, resulting in both negative health and economic implications. Furthermore, disparities in health, related to socioeconomic status that existed before the disaster, have been exacerbated, with potential long-term consequences.
Very few studies have been carried out on the effect of major disasters on diabetes and its comorbidities (6 -19) . Published data includes reports on hurricanes within the U.S., but these have been relatively small and short-term studies (20) . Studies in Japan after major earthquakes have demonstrated an increase in stress associated with poor glycemic control for up to 1 year (10). High scores on a questionnaire regarding property damage, injuries, and mortality among relatives were taken to indicate increased psychological stresses from the survivors and were associated with increased A1C (10). Similar effects have been reported with hypertension, with ambulatory blood pressure revealing that sympathetic activation is an important component of rising blood pressure after life-threatening events and may trigger myocardial infarction (15, 19) . For example, the war in Croatia led to prolonged stress, impacting cortisol levels and loss of metabolic control in individuals with type 2 diabetes (16) .
Patients most severely affected by Hurricane Katrina may have been unable to return to the New Orleans area. However, in systems such as the VA, it is possible to monitor patients pre-and postevent, as they may have been seen in other VA facilities. Unfortunately, in the other systems we were limited to including only those who returned and also had intact predisaster records. Thus, our findings are a conservative estimate of the impact and are likely to not reflect the worst case scenarios (e.g., patients who died or those most seriously affected financially, making return impossible). Our findings can only be extrapolated to the impact on individuals who survive a disaster and who remain/return to the same geographical area.
We have also demonstrated a difference in the time course of these changes in cardiovascular risk factors. For example, blood pressure was highest very shortly after the disaster and gradually declined with time. In contrast, the reverse occurred with A1C, which is not surprising, given that A1C reflects a much longer time period and is more stable than blood pressure. A short and sharp rise in blood pressure has previously been documented in short-term studies after other natural disasters (17) , whereas A1C has not been previously tested in such studies.
Our study also demonstrates significant reduction in life expectancy and QALE in all three patient populations. Even though the increase in advance events was not measured in the study, the overall modeled reduction in life expectancy should result from myocardial infarction or cardiovascular diseases, rather than end-stage renal disease, particularly in the setting of a large elevation of blood pressure. Furthermore, these data demonstrate that the disaster led to an increase in lifetime costs related to health care in all three systems.
In diabetes, several simulation models have been used to describe disease progression and estimate the cost effectiveness of interventions (21) (22) (23) (24) (25) . Because they are not statements of scientific fact, simulation models may be used to make inferences about future economic, quality-of-life, and health outcomes to provide data for decision making. This advantage is particularly important when an empirical study is logistically infeasible. In the care for diabetes, the health consequences of changes in A1C, lipids, and blood pressure on long-term outcomes in type 2 diabetic patients have been modeled using the CDM (3). That study calculated the projected effects on life expectancy and QALE and total costs of complications of 10% improvements in baseline levels of total cholesterol, HDL cholesterol, systolic blood pressure, A1C, and all four parameters combined. Despite the lack of studies using models to examine loss of control rather than improved control (through interventions being studied), we believe that this model can be easily applied to estimate the impact of the hurricane on long-term outcomes. The CDM is based on clinical trials/studies. This fact be viewed as a potential criticism of the model, as these data sources may not be suitable for every population or simulated setting nor accurately reflect the real-life situation in which factors such as noncompliance and various standards of care may have an influence. Another limitation that relates to the heterogeneity of the study population is that the customized CDM for the present study is not based on personspecific values to compute overall risk. To compute risk, the default CDM uses the UKPDS data, which have a diet run-in period for a population (no previous cardiovascular disease event or any serious diabetes complication). The clinical pathways/transition probabilities should differ across distinctive populations. However, no changes in model transition probability have been customized for the presenting study by only changing the model parameters. Our study is unique in demonstrating the impact of a disaster in the U.S. on a chronic disease condition that is highly prevalent. The factors presented in this study need to be taken into consideration in disaster planning and in addressing chronic health conditions in the aftermath of a disaster. If appropriate action is not taken, the increase in health care costs could be considerable.
